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We, Allied Chemical CoworaTXon, a 
Corporation cruised and e^ung 
AolLs of me State ofNew Yor£ Uxrfed 
Staies of America, of 61, Broadway, N=w 
v„»fc New York, Unwed States or 
America 6 ; doTrebydedare The inv^non^ 
wHch we pray that a patent may KS"" 1 ^ 
5 : w and ^mcmod by which i jc a i» b* 
formed, to be particularly described m 

te^Sred to simply a* heptafluon>propane) by 

P^e * ^fcf » a prepellanc and as a 
^HasteT^-edm make heptafinoro- 
Dronane by a procedure invoking liqrad-phase 

M ueous hydrofluoric acid m a pressure vessel 

The disadvantages of baucb, hquid-phaae, 
autoclave operations arc apparent . 
It has now b«n found that activated carbon 



20 



25 



larlv, gaseous hexafiuoropropene and gi ^tou s 
anhydrSos hydrogen fluoride may be con- 
unuouJy metered, .mixed and. Jtal at sub- 
stantially amaospheiic ****** iJn^S 
reactor which £ packed prefertbly f UU wri* 
activated carbon catalyst and which niav 
□Tmade of inert materM such as nickel, 
"Mood", or "Inconel" or of steel lmed with 
gSnhte ° r "A4«nd«m», <the words "Lionel , 
«5£o5r and "Ahmthim" bemg Registered 
TrX Marks), and Wopedjn 
tubuW electric furnace prided mth aro- 
matic heating means to provide the reaction 
Serature Product recovery may be 
K«| toy means generally conv^tW » 
this art. For example, vapours tovrng , the 
reaction zone may be passed ^igh » 
water scrubber to remove hydrogen fl»0«£} 
^ tho^leaving the scanAfcer may badrfed 
and then molly condensed m the recewer 
bv suitable cooling, =uch as by use of * 
Drv I^cemne mhtmre. The resultm© 

to facilitate recovery of the sc^yb Jor pro- 
duct, and separation of possibly smaUamoums 
of cnreacKd surtmg material which may 
he recycled if desired. ... 

The activated carbon wtalyws which ■» 
used in the practice of the invention may toe 
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J-V ™nW- imoortance, from the «™» i£3Ud carbon such as ^Col"^ 
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sUdpomt of simple operation, **-«Hg 
carboTpromoees the reaction *!«^™g 
atmospheric pressure, and rcquirw omy 
irately elevated reaction temperatures. 

Generally, the practice of the mvennon 
•includes effecting reaction between 
hStafluoropropenl and gs«ous aubstant^y 
anhydrous hydrogen fluoride at moderate^ 
elated reaction temperatures and 
I antia-llv atmospheric pressure and fix die 
;S of^ated carbon at *ud 
recovering heptafluowpropane from ^re- 
sulting (reaction products. More parucu 

v " 



6G, Columbia SW, and Darco. (The. word 
"Darco" is 4 Registered Trade MjtW Tte 
gram size is not highly critical. Ofltau& 
aereaction is carried out in elc^p^d mbular 
reactors, and it is then desirable to employ 
aTdvaCed carbon granules of ^^FJ?^ 
%c ^between l/20th and l/4th of me reactor 
diameter; preferably the reactor « au-b- 
Sally' completely fifled with granules 
av«age mesh size of about l/8th or l/10rh 

°t£ST***rt unusuaUy high yields 
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obtainable by the practice of the invention;, and conversion of hcxafluoropiopene, and a 

it has been found that the reaction- zone decrease in contact time and reactor -cornpera- 

tcmperarure should be Md in the range ture results in lower utilization of hydrogen 

of 250 450* C. Experience indicates mac flucride and lower conversion. Contact 

5 the best yields appear *<> ^ dependent upon times may lia in die range of 0,5—60 seconds, 70 

a correlation of ramperature and mol rack? but win usually and preferably be in the 

of hydrogen fluoride to heacaflucrcpropene range of 1 — 25 second* To a substantial 

starting material. The reaction involved extent, contact time, reactor temperature and 

may be represented by ratio cf reactants are inrfcr-rciated, and depends 

10 CF a CF==CFi-f HF — > CFjCFHCF.. ing upon the apparatus and the particular 75 

Generally., -the quantity of hydregen fluoride operation at hand, optimum conditions as to 

used relative to hexafluoropropen* starting contact rime may be determined by test 

material may te any amount sufficient to runs. 

react wish a substantial quantity of the In Examples I and n which follow, -the 

15 hcxaftucrcpropene, and if hetfaflucropropene reactor consisted of a 1 Inch internal diameter 80 
conversion and utilization of hydrogen nickel tube 42 inches long heated externally 
* fluoride per pass are not of major importance, by an electric furnace enveloping about 30 
hydrogen Suzride m amount less than inches of its length. The reactor was pro- 
theoretical may be employed. However, for vided at the inlet end with suitable means 

20 better overall operation, the mol ratio of for metered introduction of gaseous hexa- 85 
hydrogen fluoride to h^aJlECtfopropene prefer- fluoioprcpene and anhydrous hydrogen 
ibly shcuid be in the range of 1:1 to 3:1. fluoride, whfije -the reactor outlet was con- 
When high, yields are desired, it is preferred nsxted to -the inlet end of a products recovery 
to employ the hydrogen fluoride in amount train. The catalyst employed consisted of 

25 in excess of the theoretical requirement, and activated carben (commercially available 90 

fcr be&t yields (of or approaching 100% on Columbia 6G grade) of 8—14 mesh, the 

the basis of the organic starring material fed) size being -such as to- provide granule* 

a mol ratio of hydrogen fluoride no hexa- averaging about l/10th of the reactor 

fiuoropropene in the range of 1.5 ; 1 to 3 : 1 diameter. The «actcr was completer/ filled 

30 h preferred- -As demonstrated in the with catalyst, -the total volume amounting to 95 

appended examples, when utilizing- hydrogen' about 0.54 litre. The pressure m the 

fluoride and organic starting material in the reactor system was about 3 To. psig.* 

preferred mol ratio range, and employing sufficient to move the gas stream through 

reaction zone temperatures in the range of the reactor system at the contact times 

35 375 — 425° C, substantially 100% yields of indicated and through the remainder of the 100 

heprafluoropropane may -be obtained. apparatus train. Percentages are by weight. 

A" major advantage of the invention is that 

the reaction (may be carried out efficiently at Example I 

substantially atmospheric pressure as dis- During a period of about 125 minutes, 

40 tmgmshed from" the supera rmospherk: about 77 grams (3,85 mote) of anhydrous 

pressures characteristic of the prior art. It hydrogen fluoride and about 308 g. (2.05 105 

will be understood that in the practice of gas- mols) of hesaouorcpropene were premised 

phase catalytic processes of the general type and metered into .die reactor system, 

described herein, i.e. processes in which a. Throughout the run the temperature within 

45 gas stream is caused to flow successively the reactor was maintained an the range 392 

through reaction and product recovery to 402* C. Overall contact tune was 110 

systems, the pressure is considered for practi- approximately 9 seconds. The vapours leaving 

cal purposes as being substantially atmos- the, reactor were water-scrubbed .to remove 

phenc even though ft is sufficiently high on some hydrogen fluoride, dried by passage 

50 the input side to effect commercially satiafac- through a calcium chloride drying tower, find 

rory gas flow through the apparatus train, condensed and collected in a receiver cooled 115 

Thus, strictly speaking, depending upon fac- with Dry Ice-acetone. A tool of 36.1 g. 

tors such as apparatus design, mesh sue of (1.81 mols) hydrogen fluoride was scrubbed 

catalyst, unpacked gas space m rhe reactor, out of the reactor exit -gas. A total of 

55 desired contact time, etc, the actual r/ressures 342 g. of material was condensed and 

in systems cf the kind under consideration recovered m the receiver* On distillation 120 

may vary from 2 up to say 10—15 pounds of the condensate, dicrc were recovered 316 

gauge, and accordingly operations of this g. of material boiling in the ran^e — l^S to 

type are regarded as being; effected under —17.5° C and 25 g. of soil residue. 

GO subsuntially atmospheric pressure, , Analysis, including infra-red absorption 

Contact rime may be varied considerably spectrum analysis and gas chromatography, 125 

without noticeable failing; oS cn process established both distillate and residue^ a- total 

efficiency. Generally, an increase in the of 341 g. {2.0 mob), to be hepcafiuoropropane. 

conract time and reactor temperature results Hence, the yield on the basis of hexafluoro* 

65 in higher utilization- of the hydrogen fluoride propene fed was substantially 100%. 
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Example D 
During a period ot about 120 minute* 
83 g. OUO mols) of anhydrous Ay<£>S«* 
fluoride and about 278 g. (1.85 mete) of 
5 hexafluoroptopcoo were premised and rnertexca 
into die reactor. Throughout the run me 
temperature in the reactor was maintained la- 
the range 300 to 306* C* Overall cwittct 
time was approximately 8 seconds. JJhe 
10 vapours leavmg the reactor were biindtai 
as in Example I. A total of about 43 g. 
(2.15 mols) of hydrogen fluoride was scrubbed 
out of the reactor exit gas, and a total of 
316 g. of condensate was recovered in tne 
15 Cry Ice *rap. On destination there were 
recovered as condensate about 291 g, of 
material boiling substantially in the *angj= 
of -16 co -17.5 9 C and 25 g. of stdl 
residue. Analysis, iacuximg ^efra-red. 
20 absorption spectrum amdyais and gas 
chromatography, showed both distillate and 
residue to be heptanuoropropan^r, m torn 
amount of 316 g. (1.86 rnolsY The yield 
based on hexafluoropropene fed was &w- 
25 standally 100%. 

WHAT WE CLAIM IS :— : 
1, Process for the production of l,l,ljZ,- 
3,33-hcptafluoroprapane, which comprises 
bringing a mixture of hcxafluoropropene and 
30 substantially anhydrous hydrogen fluonde m 
tho gas phase into contact with an active 



carbon catalyst at a tempera cure of 250° — 
450° C. 

2. Process according tx> Oban 1, wherein 
die reaction is effected under substantially 35 
atmospheric pressure. 

3. Process aax^rding to Oaam 1 or 2, 
wherein the mol ratio of the hydrogen fluoride 
to the hexafluoroproperie. is between 1:1 
and 3:1. , _ 40 

4. Process according to Claim 3, wnerem 
the mol ratio is between. 1*5:1 and 3:1 and 
the reaction temperature 5s 375 * — 425° C. 

5. Process according to any one of the 
preceding ctaimSj wherein the mixture ot 
hydrogen fluoride: and hexaftuoropropene is 
fed conrinuously *mco and through a tabular 
reaction zone cnmmn mg die actwe carbon 
and heated to rhe reaction temperaOT3e% and 

the vapours leavk*g ^he zone axe contmuOusty 50 
treated to isolate tteptaflnoixypropane Aere- 

6. Process for the production of ljljl 9 2>- 
3,33-hepr^oropropan* according to Cton . 

1 3 substantially as hexemfaefoce described. 55 

7. 1^,1,2^^-rjeptam^ropTor^ne obuoned 
by a process claimed m any one of the 
preceding claims, 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14, South Square, Gray* Inn, 
London, W.C1. 
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